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The contanenmuts found in N coming flowr bloolaes at the loumch site

lawe been analyzed and Identified as nitrosyl tetrouitratofrate * An authentic

*sW1e of this material wra synthesized In the laboratory for ocaipwson purposes.

The carTSI action of the oxdizer an the Iron conteining materils of con-
structions results In the fuzutiom of this contminant.
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The contaminants present in nitrogen tetroxide can seriously affect the
perfomance of bipropellant rocket motors. The deposition of impurities in the

oxidizer can cause decreased N20 flo by partially or completely cloUig
injectors, screens, and filters in the propellant line. One such cotminant

believed to be present in any N 2% that has came'in contact with iron-containing

mterials Is nitrosyl tetranitratoferrate (MWni). Although the presence of this

compond in N2 04 has been shown in the laboratory, its actual Isolation

the oxidizer used In the field has not been previously reported. This report

describes the identification of NM as a mjor constituent in the gel-Like

material that causes blockage of a filter in the transfer line between the

oxidizer transport trailers and the ready storage vessel at Vandenberg AFB.

Si
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The stainless steel filter containing the c-ontmiant. asS obtained f

Sic-rI West at Vandenberg Anh. Approximotely 18,000 gal of NI2)4 had been passed
through this filter, which was located In the transfer Line between the oxidizer
transport trailers and the ready storage vessel. The filter and Its contents
bad minimum exposure to moisture during removal and were placed In an air-tight
stainless steel container while still copiousliy evolving N02. The container
was transported to the l.aboratory at Aerospace Corporation and then opened In
a dry box under nitrogen atmosphere.

Etraction of the filter contaminants with ethyl acetate and removal of

the solvent yielded a dark amer-brown viscous material.* The crude contaminants

were purified by the following procedure: (1) dissolution In ethyl acetate,

(2) filtration, (3) remval of the volatile from the filtrate, and (4) Pro-
cipitation with fresh N204. This purification process was repeated several
times wile excluding moisture to yield a ligbt amber -co:lored solid. The Infra-
red spectrum of this conpoxmd (Fig. 1) was taken on a halocazbonmulal between

polyethylene film since YM? reacted with 1a~l when placed directly on the
e salt plate and gave extraneous absorptions. Characteristic absorption bands

observed at 225, 1597, 1550, 1280, 1013, 916, and T65 cm- 1 are similar to that
reported for 11W. Further, an authentic s"MU of NMTH was prepared from the
reaction of Iron powder and 1 20 in ethyl acetate catalyzed by ferric chloride.
This synthetic material yielded an infrared spectrum identical to that for the
Iron compound obtained from the filter.

In an analysis of i(eNO) ron (Hof.- 5), a kown quantity of 11W was
dissolved In water. Aliquots were taken, and the Iron content of the solution
was determined colarimstrically using 2-pbsnathrollne as an Indicator on a
Becmn Spectrinater EK-2 at 510 ap. The procedure described in AMB IST-58
was followed. The values vere obtained by a carpison with a calibration

curm obtained on standard Iron solutions:

Calculated: 16. 8% Fun: 16.8%
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IM MOMMaS AND DMBcUMsxE

Addison, at al. (Hof . 1), have described the synthesis of YM by the
reaction of 120 with either Iran filitgs, ferric chloride, or iron penta-

carbonyl. Of particular Interest Is the first reaction Involving the mtallic
iron that resembles In paut the corrosion process taking place between N204
and steel stozege tanks. N204 is reported not to react with metallic iron
unleus a catalytic quantity of iron chloride in added. Hmpever, trace smonts
of chlorides are known to be present in all proelant grade 1204.. Further,
In a synthesis program such as that undertaken by Addison, where a relatively
large amount of the product was expected, the foration of parts per mllion
quantity of MW could be very easily overlooked. In fact Cain, et al. (3sf. 2),
have reported that the presence of Iron N20% can be detected a few bows after
the odiaLer is In contact with the mrtal, powder, stainless statel, or carbon
steel. This reaction is limited by the solubility of YM in the ozidizer, and
the reaction stops when the concentration of the Iron caspounds reaches 1 to 2
pAn (detezined an iron).

The reaction product of 124and Iron, Identified by Addison, was later
* verified by Cain as nitrosyl tetranitratoferrate (NW) having the following

struture:

This cpoad Is frequently called ferric nitrate N204 "addhct" for sialicity.

The presence of RM even In low concentrations can bring about flow restriction
in the laboratory by conpiete blockage of a tiny orifice by the deposition of
crystalline or gel-like contaminant (Hsf.- 3). Upon contact with moistume, it is
readily convered to hydrated ferric nitrate, nitric acid, and nitrous acids.

The Iron contmnants In N 2 can take various form, such as straw-colored
solid, gel, or black oil (3sf. 4),, depending on the purity of the mterli4 an
the water content of the mdia. Althcu* the exact conditions necessary for
the flow restriction process to occur are not camletly understood, two factors



appear to be Inortant, viz., reduction in temperature and the presence of

inall Orifices in the proellnt line. The former causes the separation of

the adduct Out Of solution, and the latter, a location for the accmlation of

the MM. Other factors such A configuration of the orifice, pressure drop,

flow rate, &a turbulence are also believed to influence the deposition of NM.
The isolation end Identification of YM from the field in difficult due

to Its extremely bygroecopic nature. Wehi compound is generally convete to

bwdrated ferric nitrMa befre* it can be transferred to the laboratory for
analysis. However, this copond together with other contminnts can be col-
lected by passing a large volbin of 12%. through fine filters. *in this study,
by taking precautions to minimise exposure to misture, the contents of the
filter were transferred to the laboratory for analyses. M ves Isolated and
Parifi~dby extraction with dry ethyl acetate and reprecipitation with fresh

%2oh. Te Infrared spectn of this cospyoumd taken on a hslocaz'bon -1ll between
polyethlelne film (Fig. 1) showed absorption bends essentiallyv identical to that
reported for MW. Its structure mas further verified by comparison of the
spectru of an authentic samile of MUj prepared by the reaction of iron powder
with N12% In ethyl acetate.

Frther substantiation of the NKU structure was carried cut by analyses
for Iron =A nitrite ions after bydrolysis and determination of Its equivalent
waet by titration with a base.* The results aze in aremint with the structure

In additio to NM, other contaminants were also fbxwd to be collected In
the filter. The residue (app ozmtely 2o% of total contaminant), after extrac-
tion with &W-1 aetate, was divided Into a water soluble and insoluble portion.

The foimr was found to be prinarily ferric nitrate nobydrate, which probably
resulted from the hydroljysis of MUI. The water Insoluble fraction consisted
of brownish-black magetic imaterial. An x-ray diffraction pattern taken on this
material showed this solid to be a mixture of To 3O% and j s

The maJor contamnant trapped In the filter ba been Identified as the
feric nitrate N24 "adout. A sufficient qantity of this imaterial am be



collected to result in flow restriction in the propellant Line of the oxidizer

loading unit at the rocket launch alto. This Iron copound results froa the

reaction of N0with the iron containing material of construction. Since the

oxdizer is inuatured In stainless steel apparatus and transported and stored

In either stainless or abon steel equipment, It appears that all N20 (unless

specially parifled) will contain iMW. Further, if the oxidizer had undergone

considerable fluctuation in tempaxsture over an extended period of ttm,, it my
contain a much higher quantity of MIO than realized fran the solubility data.

Vader these conditions, it can exist as a separate phase in the oxidizer in the

fa of a solid, gel, or an oil.

The oxides of Iran are believed to result fra the action of wet 204 with

can steel. Indications are available which show that when the water content

of the oxidizer Is high (such as Incomlete drying of transport trailers after

hydrostatic testing) a larger quantity of Iron oxides is observed in the oxi-

diver.
An aqueous solution of NOY in water was analyzed for nitrite ion (Ref. 6)

by a coloelastric method using sulftnilie acid and e-naphtylafine (Griess

reaent). The rric ion which Interferes with this analysis was camplezed

with the addition of 1% HP solution. Coarison of the absorption to a standard

curve yielded the value for nitrite content.

Calculated: 13.8% Fu:3.9%

In the determination of equivalent weight, a solution of I'M can be titrated
with base to a pH endpoint of 5.7 according to the following equation:

Ncft(NO3 )4 + 5 on - fte(Off) 3 + 4I 303 + N0; + 12

Equivalent w igtht of the iron-containing acmpound from the filter can be calcu-

lated by the above equation.

Calculated: 67.80 Found: 67.3%
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